This randomized and controlled, examiner-blind, 3-period, crossover clinical trial was designed to determine the effect of an experimental denture adhesive, a marketed denture adhesive (European Fixodent ® Fresh), ® or no denture adhesive on the breath odor of 37 adults wearing full maxillary and mandibular dentures. Breath quality was measured at baseline and at 3 and 6 hours after the start of each treatment period via monitoring of volatile sulfur compounds (VSCs) using a halimeter and second-person organoleptic grading. A 48-hour washout phase separated treatment periods. There were no statistically significant differences in VSCs between any of the treatment regimens over 6 hours. Both the denture adhesive treatments were superior in breath quality improvement in organoleptic scores compared to no denture adhesive at 3 and 6 hours (p=0.0001). This research demonstrates the ability of both an experimental and marketed denture adhesive to deliver superior second-person breath benefits relative to no adhesive. The results indicate that Fixodent ® denture adhesives provide the denture wearer with a noticeable improvement in breath.
Introduction
While bad breath is frequently associated with food related odors such as garlic and onion, the primary source of oral malodor is the oral microflora. 1 Most treatment modalities for bad breath involve targeting microbial plaque, whether it is through conventional oral hygiene practices or incorporation of antimicrobial ingredients into oral care products.
The oral microflora changes with age of the host. 2 An infant begins life with a sterile oral cavity and rapidly acquires its initial microorganisms from its mother. The child then transitions into the acquisition of other species from the environment with the eruption of teeth, onset of puberty, and progression to adulthood. Oral disease processes, including caries and periodontal disease, also influence the makeup of the oral microflora in any given patient. Once the teeth are lost, edentulous adults return to an oral microflora that closely resembles that of the infant prior to the eruption of teeth. 2 The presence of dentures in edentulous patients creates yet another environment with its own microflora. Several studies have examined denture plaque both on the denture surface itself and the underlying supporting tissues. [3] [4] [5] [6] [7] Collectively, these reports have revealed a denture plaque composition similar to plaque on the tooth surface or at the junction of the tooth and the gingiva.
The difference between plaque isolated from the denture acrylic versus the supporting tissues is negligible and in fact appears to be a continuous heterogeneous intermicrobial matrix. 3, 6 Intersubject variability is quite high regardless of the sample collection method used, so it is less important to focus on the strict quantitation of microorganisms as it is to focus on the general trend for predominance of one species over another. Ultrastructural studies performed using the transmission electron microscope have demonstrated an electron-dense layer on the surface of the denture acrylic which resembles acquired dental pellicle and appears to mediate the adherence of the denture plaque mass to the denture itself. Gram-positive cocci were the predominant bacteria isolated from both the palatal mucosa and the surface of the denture, with a mean prevalence ranging from 60-70% of the total plaque composition. 6 The next most frequently isolated group were the Gram-positive rods, with a prevalence of no more than 23%. Speciation of the isolated microorganisms reveals Streptococcal species including: S. milleri, S. mutans, S. salivarius, along with Staphylococcus aureus constituting the Gram-positive facultative cocci. This is followed by the Gram-positive rods: Actinomyces israelii, A. viscosus, and, subsequently, Veillonella parvula, a Gramnegative cocci. Gram-negative rods such as Bacteroides species and Fusobacterium are m only rarely isolated. 5 This is important because these Gram-negative rods are often associated with oral diseases/conditions in adults, including periodontal disease and oral malodor.
There is little information in the literature available on oral malodor in denture patients. One study that examined the presence of odorproducing bacterial species in the denture wearer focused on the Enterobacteriacea. 8 Bacterial samples isolated from saliva, tongue, and periodontal pockets revealed a higher prevalence of Enterobacteria in denture wearers when compared with a population of patients complaining of oral malodor, a healthy adult population, and a group of orthodontic patients, with a prevalence of 48%, 27%, 16%, and 13%, respectively.
Members of the Enterobacteriacea are not typically thought of as part of the oral microflora given their high prevalence in the gut; however, they have been isolated from patients with oral malodor and are capable of producing volatile sulfur compounds (VSCs) in vitro. VSCs are the primary offensive molecules in bad breath in dentate patients. The most predominant VSCs are hydrogen sulfide (rotten eggs) and methyl mercaptan (rotten cabbage). 9 It is not clear whether this relationship between volatile sulfur production and oral malodor in the denture wearer is comparable to patients with teeth. A denture wearer's oral malodor has been described as sweet but offensive. 8 Currently the method most frequently used to assess the overall bouquet of breath is via the use of a trained odor judge who utilizes a categorical scale to rate the breath. If VSCs are the focus of the breath assessment, then instrumental techniques such as gas chromatography or a portable sulfide meter are used.
While denture patients frequently complain of bad breath, it is difficult to propose treatment regimens above and beyond frequent cleaning of the dentures, the supporting tissues, and the posterior dorsum of the tongue -where odor-causing bacteria have been found in dentate patients -due to insufficient data. Anecdotal information has provided insight that denture wearers who use a denture adhesive report improvements in oral malodor. The current trial was undertaken to better understand the impact of two denture adhesive formulations versus no adhesive on oral malodor in subjects with full maxillary and mandibular dentures.
Materials and Methods
Edentulous males and females with full maxillary and mandibular dentures and at least 18 years of age provided their written informed consent and were screened for study eligibility; those with oral malodor intensity ranked at least "faint" via organoleptic assessment (score ≥ 2) and meeting all other entrance criteria were enrolled in this 3-period, examiner-blinded, crossover clinical trial. Volunteers exhibiting poor dental or general health that could potentially interfere with compliance or evaluation measurements, use of medications with xerostomic or taste alteration adverse effects, recent use of antibiotics, or regular use of antimicrobial oral products were excluded from enrollment. In addition, subjects who were unwilling or unable to agree to study restrictions involving use of scented personal products, smoking, and food/drink consumption were not eligible for participation. Each subject's dentures were thoroughly cleaned by a trained technician using an ultrasound bath and/or brushing to remove all plaque and debris. For the next week, subjects cleaned their dentures at home as needed using a commercial denture cleanser provided by the clinical site (Corega Denture Cleanser, Stafford-Miller Ltd, Hertfordshire, UK) and supplemented by mechanical cleansing with water and a toothbrush. At the end of this week long acclimation period (treatment day 1) subjects returned to the clinical site having abstained from use of the supplied denture cleanser during the preceding 36 hours. Oral soft tissue evaluations were conducted. Organoleptic assessments were performed, and those participants continuing to have scores of at least 2 were eligible to continue in the clinical trial. For those subjects who qualified, a baseline halimeter measurement was also performed.
Subjects were stratified into "low" and "high" groups according to their baseline organoleptic score and then randomly assigned to one of the six pre-determined treatment sequences. The following specifies the order of use of each of the three 6-hour test regimens:
1 Both the experimental and marketed denture adhesive treatments were supplied in identical white tubes and overlabeled, such that they were indistinguishable. Study site personnel applied 0.75g (+/-0.05g) of the first assigned denture adhesive to each of the maxillary and mandibular dentures (or no adhesive if indicated by the subject's randomization schedule) and returned the dentures to the subject for insertion. Subjects then wore their dentures continuously for six hours while remaining at the clinical site. Post-treatment organoleptic malodor and halimeter evaluations were conducted three hours after denture insertion and again at six hours post-insertion.
At the conclusion of the treatment period, an oral soft tissue examination was conducted. Each subject's dentures were again thoroughly cleaned by investigative site personnel in the same manner as at study inception. Subjects were provided with a single tablet of denture cleanser and dismissed, and the following day entered a 48-hour washout period. At-home standardized denture cleansing directions dictated that the supplied denture cleanser should be used within the first 12 hours of the wash out period; subjects were only permitted to use a toothbrush and water thereafter, i.e., within 36 hours of the next treatment day. The schedule of procedures for treatment days 2 and 3 was similar to those followed on treatment day 1.
Subjects were given several instructions concerning pre-visit (screening and treatment) restrictions that were essential for continuing study eligibility. They were instructed to eat breakfast no earlier than 1.5 hours prior to visit time on the morning of each visit day, to avoid smoking within 3 hours of visits, and to discontinue consuming alcoholic beverages and eating highly seasoned/spicy foods or those otherwise commonly associated with oral malodor for the preceding 24 hours. A standardized lunch was provided at the clinical site after the hour 3 post-treatment breath assessments and at least 1-1/2 hours prior to the hour 6 evaluations on treatment days; again bereft of all foods potentially biasing oral malodor assessments. With the exception of water, all other food, drink, and tobacco use was prohibited during the 6-hour treatment periods. Participants were not allowed to use scented personal products (including soap and antiperspirant) on screening and treatment days.
Organoleptic (second-person) oral malodor assessments were performed by an experienced judge. All assessments were conducted with subjects' maxillary and mandibular dentures in place. Subjects were asked to keep their mouths closed for one minute while breathing through the nose, then each subject placed his/her mouth over one end of a clean cylinder, approximately 1.75 inches long by 1.06 inches in diameter. The other end of the tube was positioned through an opening in the wood screen to where the grader resided on the other side. The grader quantified the extent (intensity) of the oral malodor according to a 6 point scoring system of: (0) no odor (1) questionable odor (2) faint odor (3) moderate odor (4) strong odor (5) very strong odor All evaluations were made with the grader having no knowledge of prior scoring or subject treatment assignment.
VSC levels were quantified after completion of organoleptic assessments using a portable industrial sulfide monitor (Halimeter ® r , Model RH17K, Interscan Corp., Chatsworth, CA) housed in an odor-free, plastic laminate booth separating the Halimeter from subjects. To validate instrument performance, VSC measurements were confirmed against primary standards generated by a H 2 S gas permeation tube and a dynacalibrator flowmeter (VICI Metronics Inc., Santa Clara, CA). These comparisons to standards were performed prior to study initiation. After keeping the mouth closed for a timed 30-second interval, each subject placed his/her mouth over one end of a clean cylinder, approximately 1.75 inches long by 1.06 inches in diameter, attached to a Halimeter monitor inlet. While the subject continued to hold his/her breath, the instrument withdrew air from the mouth and measured total VSCs in parts per billion (ppb). These results were transformed using the natural logarithm for analysis.
For both the organoleptic scores and VSC levels, efficacy was evaluated via analysis of covariance (ANCOVA) for crossover studies and included subject, group, period, and treatment as factors. Carryover was not significant and was removed from the statistical model. The baseline score served as the covariate. All statistical testing was at a two-sided 0.10 level of significance, without adjusting for multiple comparisons.
Any clinician-observed oral soft tissue abnormalities and/or negative health effects reported by subjects during a treatment period that were (1) not present at study inception or the end of the previous treatment period or (2) which worsened during that treatment period were classified as adverse events and monitored to resolution. Adverse events were summarized by treatment and type.
Results
Forty-two subjects entered the pre-treatment 7-day acclimation phase. A total of 37 subjects met continuing eligibility criteria at baseline and were randomized to treatment. Subject baseline characteristics were generally wellbalanced among treatment sequence groups. The randomized study population ranged in age from 33 to 80 years, with a mean age of 60.3 years. (Table 1 ) Subjects were predominantly Caucasian (92%), while the study population was roughly evenly split in gender (51% females, 49% males) and smoking history (54% non-smokers, 46% smokers). Baseline organoleptic scores averaged 2.8, approaching "moderate" breath odor, while baseline VSC levels averaged 59.1 ppb. All randomized subjects (100%) completed all three study periods and were evaluable for all statistical analyses.
At all evaluation time-points following denture adhesive application (3 and 6 hours), subjects who utilized either the experimental denture adhesive or the marketed denture adhesive exhibited statistically significantly lower mean adjusted organoleptic scores (reduced odor intensity) relative to subjects who did not use a denture adhesive. The largest differences seen were between the experimental denture adhesive and no denture adhesive regimens. (Figure 1 and Table 2 ) There, the between-group mean difference of 1.12 organoleptic units at hour 3 and 1.41 organoleptic units at hour 6 were both highly significant (p=0.0001). The percent reductions in organoleptic scores for the experimental denture adhesive versus the no denture adhesive regimen were 41% at hour 3 and increased to 52% at hour 6. While smaller in magnitude, the differences in breath malodor seen in comparisons of the marketed denture adhesive and no denture adhesive regimens were also highly statistically significant (p=0.0001), with average organoleptic differences of 0.75 and 1.17 at hours 3 and 6, respectively. This is reflected in a 28% breath benefit versus no denture adhesive at hour 3 and an increase to a 43% breath benefit at hour 6.
In addition, the experimental denture adhesive demonstrated statistically significant reductions in oral malodor versus the marketed denture adhesive. Using the odor judge, the results are shown in Table 2 , with a mean difference of 0.36 (p=0.0010) at hour 3 and 0.24 at hour 6 (p=0.0497). The percent reductions for the experimental denture adhesive versus the marketed denture adhesive were 18% at hour 3 and 16% at hour 6.
There were statistically significant differences in VSC production between both the experimental and marketed denture adhesives when compared with no denture adhesive at hour 3 (p<0.001). However, this benefit was not observed at hour 6. (Table 3) The 3 treatment regimens were well tolerated. Two subjects (5% of the randomized study population) reported a tingling sensation on the palate during the trial. One event occurred while using the experimental denture adhesive and the other event occurred when assigned to the marketed denture adhesive. Both adverse events resolved and did not occur when the respective subjects were exposed to the other denture adhesive regimen.
Discussion
This randomized and controlled clinical trial demonstrates the breath protection efficacy of two denture adhesives using a second-person breath measurement method. The reductions in breath odor severity were observed at 3 and 6 hours post-adhesive application, with an increasing magnitude versus no denture adhesive over the 6 hour measurement period. Interestingly, the increased benefit versus patients not wearing a denture adhesive continued to build following the consumption of a meal. The induction of salivary flow through the act of mastication would be expected to reduce oral malodor in all treatment groups; however, the benefit associated with the denture adhesives versus no denture adhesive still increased over the course of the day.
The second measurement method used in this study was a portable sulfide monitor known as a halimeter. For breath measurements in subjects who are dentate, the halimeter is a very useful tool for following changes in VSCs commonly associated with oral malodor. 10, 11 As mentioned previously, the bouquet of bad breath in denture patients appears to differ qualitatively from patients with teeth and the current study provides additional evidence in support of this idea. 8 Fusobacterium, a bacterial species commonly associated with oral malodor in dentate patients, was seen in ~1% of the cultivable dental plaque from maxillary dentures. 6 While statistically significant differences in VSCs were seen between the two denture adhesives and the no denture adhesive regimens at hour 3, the magnitude of the sulfide levels detected with the halimeter were hovering very closely to the lower limit of detection for the instrument and the between regimen differences were very small. Given the specificity of the halimeter for VSCs, it is not surprising to observe small reductions using an instrument designed to measure these compounds if the oral microflora is not comprised of high VSC-producing microorganisms. The mean baseline VSCs for this denture population (Table 1) are noticeably lower than those seen in dentate populations. 10 It is important to concede the mere presence of a VSC-producing bacterium is not sufficient to explain denture bad breath. Recall that Enterobacteria were found in high numbers from denture patients and these isolates were capable of VSC production in vitro. 8 However, this did not translate into an odor that could be measured using the human nose (organoleptic scores); in the trial described by Goldberg et al., 8 there was no relationship between the presence of the Enterobacteria and odor judge scores in the denture subjects.
While VSCs are the predominant components present in oral malodor from dentate patients, there are other compounds such as amines, acid, and indole that may be more important in denture bad breath. Additional investigation into these breath components is necessary to develop targeted treatment modalities for the denture patient. In the meantime, this trial demonstrates that in addition to improving denture hold and function, 12,13 use of denture adhesives will improve bad breath for denture patients. The mechanism whereby the adhesives inhibit denture bad breath is not clear. The antimicrobial activity of the adhesives tested in the trial, both of which contain zinc, has been demonstrated previously in vitro and o in vivo. 14 The presence of the denture adhesive in the mouth long-term may serve as a reservoir for antimicrobial activity.
This research demonstrates the ability of both an experimental and marketed denture adhesive to deliver superior second-person breath benefits relative to no denture adhesive. The results indicate that Fixodent ® denture adhesives provide ® the denture wearer with a noticeable improvement in breath.
